To investigate the effects of electromyography (EMG)-:biofeedba<;k on pain experienced during the immediate po~t-operative period followmg ab.dommaZ surgery, twelve patients were randomly assigned to either (1 ~ EMG-blOfeedback fr:om abdominal muscles; (2) EMG-biofeedback from the frontalzs muscles; or (3) were given no EMG treatment.
Biofeedback techniques have been a useful means of pain control in a variety of chronic pain syndromes. Reductions in headache pain, for instance, have been shown to result from EMG-biofeedback to the frontalis muscles (Budznyski et al. 1973 , Sargent et al. 1973 Wickramasekera 1972 Alexander 1973 . Melzack and Perry (1975) report a 30% pain decrease in 58% of their patients when both alpha feedback and hypnotic training procedures were employed. While the analgesic effectiveness of biofeedback techniques for chronic pain seems well established this method has not been applied to acute pain. The present study was designed to investigate the physiological and psychological effects of EMG-biofeedback on acute surgical pain.
METHOD

Subjects
Eight male and 7 female elective abdominal surgery patients voluntarily participat~d initially in the experiment. The age, sex, ethmc origin, and type of surgery of patients is given in Table 1 . However, three patients (one from each group) were excluded due to no pain in one case, refusal to co-operate in a second, and death of subject in the third. Ten of the patients were administered continuous intravenous morphine for post-operative pain control; the infusion rate and duration of infusion was contingent on staff assessment. The remaining two patients were given intramuscular injections of morphine for pain relief. There were no alterations in morphine dosage during or prior to EMG treatment sessions.
Apparatus
EMG recordings were taken with the use of a Cyborg BL 933/2 Processing System. This unit enabled precise indication of EMG activity in true RMS terms (1000 Hz:
.1-1000 p.v). 
Procedure
Patients were randomly assigned to the following 3 groups: Group I (abdominal muscle feedback); Group 11 (frontalis muscle feedback); Group III (no treatment control). All patients in Groups I and II received one preoperative EMG-biofeedback training session of 30 minutes duration. Patients in Groups I and 11 also participated in training sessions on post-operative days 2, 3 and 4.
On admission to the surgical ward, patients in Groups I and II were given the following instruction: "Post-operative pain is primarily due to sustained contraction or tightness of muscles. The goal of this technique is to learn to relax your muscles so that the tension level never gets too high and you no longer feel pain."
Electrode Placement
For patients in Group I, the 2 positive electrodes were placed over the abdominal muscles, and were approximately 7 cm apart on the side opposite to the incision. The ground electrode was placed on the crest of ilium, so that all 3 electrodes were equidistant from each other. The location of, and electrode placement for, the frontalis muscles was that used by Budznyski et al. (1973) .
EMG-Biofeedback Sessions
EMG-biofeedback sessions consisted of a 5 minute baseline period, followed by a 20 minute shaping period and a 5 minute no-feedback period. During the shaping period patients were given auditory feedback consisting of a "beep" which decreased in frequency with decreases in EMG activity.
Pain Measurement
Verbal pain reports, on a 0-10 pain intensity scale, were taken 15 minutes before and after each postoperative biofeedback session. Since sessions were of 30 minutes duration, a pain report was taken one hour after an initial pain report, for all patients, on postoperative days 2, 3, and 4. On all occasions pain data was collected by the nursing staff. The need for morphine was assessed as a part of the usual hospital routine. Therefore the total amount of morphine administered by the hospital stafT could be used as an additional index of pain. Figure 1 shows the post-sessional EMG levels on pain intensity ratings for each group. The mean differences in pre-sessional and post-sessional pain reports were analysed by a Kruskal Wallis H Test and a significant difference between groups was found.
RESULTS
A planned contrast between Groups I and Ill, using a (one-tailed) Mann-Whitney U Test revealed a significant difference between groups (p = .0143). A planned contrast between Groups II and III using a (one-tailed) Mann-Whitney U Test revealed no significant difference between groups (p = .4429).
The data therefore seem to suggest that EMG-biofeedback per se is an effective means of pain control when feedback is given from the muscle site of sensory input (or injury). However, the data do not show an analgesic effect due to EMG-biofeedback from an "irrelevant" muscle site (frontalis muscle).
This finding is further supported by morphine administration data ( The results of the present experiment show that EMG-biofeedback may be effective in reducing abdominal surgery pain but only when feedback is given from the abdominal muscles. Frontalis muscle EMG-biofeedback was not found to be effective in reducing pain of abdominal origin. The small number of subjects in each group, however, limits the generalizability of these results and further research is needed. The significant differences in pain reports Anaesthesia and lntellsive Care, Vol. VI, No. 4, November, 1978 Meares (1968) maintains that pain due to trauma or inflammation of a rigid tissue is more intense than pain originating from soft tissue. Thus a reduction in abdominal muscle tension ought to result in a reduction of pain. It is also noteworthy that EMG readings were typically higher for the abdominal muscles than for the frontalis muscles. At least 5 factors bear mentioning in relation to this phenomenon. (i) EMG readings from the abdomen involved at least 3 muscle layers: the external oblique, the internal oblique, and the transversus abdominis. Therefore the total abdominal muscle area is larger than the total frontalis muscle area. (ii) Patients may not readily exercise control over the abdominal muscles whereas voluntary control of the frontalis muscles, as a means of non-verbal communication, is a common occurrence. (iii) High abdominal muscle tension may be the consequence of inappropriate bracing (Whatmore and Kohli 1974) of the anatomical region to which there is a threat. (iv) Pathological states associated with the operation may cause muscle spasm (Marinacci 1968 , Melzack 1973 ). (v) Painful internal pressure on the abdominal muscles may result from bowel distension (Behan 1914) .
Whilst it is concluded that the analgesic efficacy of EMG-biofeedback for abdominal surgery pain is due to abdominal muscle relaxation per se, EMG-biofeedback from an "irrelevant" muscle site may well have therapeutic benefits as a coping mechanism and in anxiety reduction. As Mattson (1975) points out, bodily trauma is an insult, both physically and psychologically. It therefore requires physical and psychological healing processes. Dalrymple et al. (1972) for instance, reports a relationship between psychological variables and the number of post-operative pulmonary complications due to the inhibitory effect of pain upon movement of the chest wall. Any technique which enables a patient to cope with pain may thereby facilitate post-operative recovery.
